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Description

The present invention relates to a process for
stabilizing phosphorus, in particular red
phosphorus in powder—the term ‘“red
phosphorus” being intended to designate red
phosphorus in any of its allotropic forms—by
encapsulation thereof in a melaminic resin, and to
the corresponding product, suited to be used as
flame retardant of polymeric materials.

Background of the invention

The use of red phosphorus as flame retardant
of polymeric materials is widely described, also in
patent literature, according to which red
phosphorus in  powder is employed in
percentages depending on the nature of the
polymeric material, generally in admixture with
coadjuvant substances.

It is also known that red phosphorus, in the
open air, reacts with oxygen and water vapour, so
evolving, besides oxygenated acids, also
phosphine, which is known to be very toxic, what
results in a serious drawback for the above-
mentioned use of red phosphorus, both, and
chiefly, during the incorporation of same into the
polymeric materials, as the relevant operative
conditions, particularly the molding step, magnify
the aforesaid undesired phenomenon to such
extent as to prevent said technical use of red
phosphorus, and during the storage and handling
which precede such incorporation.

Many processes have been described in the
past, which aimed at stabilizing red phosphorus
in powder against phosphine forming by mixing
or encapsulation of this powder with various
materials, such as, for example, potassium
silicate, silver nitrate, aluminium hydroxide,
copper sulphate with copper chioride,
condensates of bisphenol A with cyanuric
chioride, magnesium or aluminium salts of
ethylenediamine-tetra-acetic acid, chlorinated
waxes, liquid chlarinated paraffins, melamine,
melaminic resins, phenol-formaldehyde resins,
epoxy resins, polyacrylonitrile etc.; the known
processes, however, exhibit the drawback of
providing an insufficient stabilization to
phosphone forming.

Summary of the invention

it is an object of the present invention to
provide a process far gbtaining red phosphorus
stabilized by encapsulation with a continous and
compact layer, such as to prevent the aforesaid
phenomena and drawbacks, thus allowing a
technical use free from any adverse technological
and environmental effects.
It is another object of the present invention to
carry out the aforesaid encapsulation process in
an aqueous dispersion, without using organic
solvents, in order to avoid the additional costs
and process difficulties connected therewith.

These and still other objects, that will more
clearly appear to a technician skilled in the art, are
achieved, according to this invention, as indicated
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in the claims, namely by effecting the
encapsulation of the red phosphorus particles
with a particular cationized melaminic resin,
capable of cross-linking in hot conditions during
the coating process of said water-dispersed
particles of red phosphorus. The red phosphorus
in powder, in consequence of the forming “in
situ” on the surface of its individual particles—
according to this invention—of a continuous and
compact layer of cross-linked melaminic resin,
results to be stable to phosphine forming, to
storage and handling, and it can be easily and
safely incorporated as flame retardant into the
polymeric materials.

The percentage of resin useful to stabilize red
phosphorus in powder may vary over a wide
range, from 0.1 to 30%, preferably from 1 to 5%,
in respect of encapsulated phosphorus.

The most advantageous particle size of red
phosphorus is below 40 um, but it is not critical, a
particle size below 100 um being suitable too.

Depending from the nature of the thermoplastic
compositions {(which can comprise one or more
known adjuvant substances) and from the wanted
flame-resistance degree of the same, the quantity
of encapsulated red phosphorus useful to render
self-extinguishing thermoplastic materials can
range from 0.5% to 20% by weight of said
compasitions: usual quantities in current practice
fail in the range from 3% to 15% by weight. The
melaminic resin utilized according to this
invention is a condensate or syrup prepared from
melamine, formaldehyde, a monohydroxy!
alcohol and triethanolamine cationized with a
mineral acid and throughty soluble in water prior
to cross-linking, wherein alcohol is the
component that chemically modifies the
condensate {as revealed by infrared spectro-
scopic analysis), by differentiating it from the
known cationized melaminic resins such as, for
example, the ones described in U.S—A—
3,721,651 of March 20, 1973, and which imparts a
low viscosity to said condensate, what is
particularly useful for practising the process
object of this invention.

In said condensate, the cationizing mineral acid
is preferably hydrochloric acid, while the mono-
hydroxyl alcohol, selected from amongst the
aliphatic alcohols having a number of carbon
atoms lower than 5, is preferably methanol.

The melamine resin and the process for
encapsulating red phosphorus in powder with the
resin itself, according to the present invention are
also substantially different from what is disclosed
and forms the object of DE—A—2,646,835 (Germ.
April 20, 1978), as regards bath the components
and their respective composition ratios in the
cited resin (particularly the formaldehyde/
mefamine molar composition ratios} and the
various steps of the encapsulation process
(carried out in the absence of organic solvents),
which are determinant for the high stability
characteristics of encapsulated red phosphorus in
powder to phosphine forming.

The DE~—B—2 655 739 discloses too a stabilized
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red phosphorus powder, as the particles of said
powder are coated (encapsulated) with a thin
layer of a partially etherified melamine-
formaldehyde polycondensation product (prac-
tically; a polycondensation product of the
methyl ether of trimethyloimelamine); said
encapsulated red phosphorus is obtained by first
admixing the red phosphorus powder with an
aqueous solution of a melamine-formaldehyde
precondensate, then hardening {cross-linking)
said precondensate in a single step by means of
heating at 100—180°C or by means of acidification
at a pH of 3 to 7 with phosphoric acid, and finally
filtering and drying at 80° to 180°C. .

From the abovesaid, and from the following
description (see: preferred embodiment and
example 1), it will be apparent the substantial
differences existing between the DE—B—
2655739 and the present invention, said
differences being both in the resins’ compaosition
and in the sequence of the processes’ steps to
form said resins and to attain the red phosphorus’
encapsulation, the composition and the process
according to the present invention being selected
in order to obtain an exceptionally stable red
phosphorus powder, as each individual particle
thereof is coated with a hardened resin layer
(““capsule”) which is continuous and compact.

Description of the preferred embodiment

A preferred, aithough not unique, embodiment
of the present invention consists in preparing a
hydrodispersion of red phosphorus in powder
having a particle size below 40 microns, in an
aqueous solution of a melamine condensate
containing 25.27% melamine, 36.04% form-
aldehyde, 8.82% methanol and 29.87% triethanol-
amine, cationized with hydrochloric acid, in
heating said dispersion, under stirring, at about
100°C, so obtaining the encapsulation of the red
phosphorus individual particles, due to slow
precipitation thereonto, in a continuous and
compact layer, of said condensate in the form of a
partially cross-linked insoluble melaminic resin,
the cross-linking thereof completes during a
successive dehydration step by drying in an inert
gas flow, or preferably under vacuum, at about
100°C until formaldehyde does no longer form, so
obtaining a powder of encapsulated red
phosphorus.

More particular, the abovesaid preferred
embodiment of the invention comprises the
following steps:

a} Preparting the melamine condensate .

in a first step, methanol, triethanolamine, form-
aldehyde (the last substance in an aqueous
solution at approximate 45% calculated on dry
basis) are reacted for about 2 hours at approx.
85°C in per cent ratios, referred to the dry
substance, respectively of 8.82%, 29.87% and
36.04%, the remaining 25.27% being the
melamine which is to be added in a second step,
at the end of the aforesaid reaction, in order to
cause the melamine condensate to form by
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heating the aforesaid composition at about 90°C
for approx. 6 hours—the starting pH value of
9.5—9.8 being adjusted to the value of 7.5—7.8—
till a viscosity of 0.42—0.47 Pa.s (1 Pa.s=10
poise=1000 centipoise) at 20°C is attained,
whereupon, after having adjusted the pH to a
value of 7—7.6, it is diluted with water, so
obtaining a solution at about 38% of dry
substance and with a viscosity of 0.04—0.05 Pa.S
at 20°C. pH adjustments are effected by means of
hydrochloric acid in an agueous solution at 18%,
thus cationizing the melamine condensate.

b} Encapsulating red phosphorus powder

A hydrodispersion of micronized red
phosphorus powder having a density of 1.38—
1.58 is additioned with a desired amount of the
agueous solution at 38% of cationized melamine
condensate, prepared as per point a); the so
obtained phosphorus dispersion in the melamine
condensate solution is heated, under stirring, for
about 1 hour at approx. 100°C, keeping
substantially unaltered—by means of a
condenser-—the reaction mixture volume: under
such conditions the melamine condensate
precipitates slowly and uniformly (evolving
formaldehyde) in the form of a resin partiaily
cross-linked, at first in the liquid-viscous, then in
the solid state, around the red phosphorus
particles, so encapsulating them. Cross-linking is
then completed during dehydration by drying of
the product, preferably in a thin layer, at about
100°C and in an inert gas flow or preferably under
vacuum, till formaldehyde does no longer evolve.
At the end a red phosphorus powder is obtained,
which is free-flowing, stabilized to phosphine
forming and easily dispersible into the polymeric
materials, for example by means of processes
based on plastic mass melting, or by
incorporation into hydrodispersions and aqueous
polymeric emulsions, which are then utilized in
film-forming processes (for example paints,
glues, etc.), by incorporation into elastomers, by
dispersion into polymeric product solutions, by
dispersion into pre-polymeric liquid systems with
one or more components and the like.

A variant of the process object of the present
invention consists in adding to the red
phosphorus powder hydrodispersion, already
encapsulated with cationized and partially cross-
linked melaminic resin, before subjecting said
dispersion to dehydration with simultaneous
completion of the resin cross-linking, a vehicle,
preferably a water-soluble vehicle, in which, at
the end of the process after dehydration, the
stabilized red phosphorus powder remains
dispersed, so obtaining a solid composition, that
e.g. can be flaked, or a liquid composition, both
compaositions having a high red phosphorus
content, for example of 70%, and being more
advantageously or easily employable, under safe
conditions, as anti-flame agents in the successive
processes of additivation to the polymeric
materials. Said vehicle, to be selected from
amongst the ones which are consistent with the
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polymeric material to be used, may be for
example e-caprolactam or a paraffin wax—in
such case the final composition is solid and in the
form of flakes—or a polyol or a paraffin ail,
preferably a chlorinated one—in such case the
final composition is liquid.

The process object of the present invention and
the corresponding product will be better
comprehended on the basis of the following
examples.

Example 1

640 g of an aqueous solution containing 45% of
formaldehyde (9.6 moies), 70.5 g (2.2 moles) of
methanol, 238.78 g (1.6 moles) of triethanolamine
were introduced into a conventional reactor,
known in the art, equipped with electrical heating,
a reflux condenser with a vacuum intake and a
magnetic stirrer, after having started both stirrer
and cendenser. The mixture so obtained, having a
pH=9.8, was brought to 85°C and maintained at
such temperature for 2 hours. After cooling to
50°C, 201.8 g (1.6 moles) of melamine were added
(the mixture now consisted for 36.04% of
formaldehyde, for 8.82% of methanol, for 29.87%
of triethanolamine and for 25.27% of melamine).
The pH was adjusted to a value of 7.6 by addition
of 48 ml of hydrochloric acid at 18% in an
aqueous solution, and the mixture temperature
was raised to 90°C and kept such for 6 hours, so
obtaining a melamine condensate solution
having a viscosity of 0.45 Pa.s at 20°C. At the end
of this heating period said condensate solution
was stabilized by addition of 380 mi of water and
by adjusting the pH to a value of 7.5 by adding 80
mil hydrochloric acid at 18% in an aqueous
solution, finally obtaining a solution of cationized
melamine condensate at 38.3% of dry substance
having a viscosity of 0.04 Pa.s at 20°C. The
above-cited pH adjustments represent the
cationizing steps of the melamine condensate.

27.6 ml of the above-obtained solution of
cationized melamine condensate were drawn and
introduced into a reactor {equipped with
mechanical stirrer, a condenser and a heating
jacket) along with 300 g of red phosphorus
powder, having a particle size below 40 um, in the
form of an aqueous dispersion having a density of
1.38. At the conclusion of this operation the
components were homogenized by stirring, thus
obtaining a red phosphorus powder suspension
in a cationized melamine solution condensate,
which was heated at 100°C for 1 hour. During such
heating time the condensate got inscluble {with
formaldehyde evolution) and slowly and
uniformly precipitated, in the form of a partially
cross-linked melaminic resin, at first in the liquid-
viscous state then turniing into the solid state,
onto the particles’ surfaces of the red phosphorus
powder, which were thus encapsulated by a very
adherent, continuous and compact layer of said
resin; finally, a water dispersion of red
phosphorus encapsulated by melaminic resin,
having a slurry-like consistence was obtained.
Said dispersion was spread to form a thin layer of
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2—3 mm thickness in a tray and was put into an
oven at 90°C under vacuum, at a residual pressure
of approx. 30 mm Hg, till formaldehyde evolution
was no longer observed. During such drying, both
dehydration of said dispersion and completion of
melaminic resin cross-linking occurred, and at the
end a friable layer, easily convertible into a
free-flowing product, of red phosphorus in
powder encapsulated with 4% of melaminic resin
was obtained; such powder proved to be stable to
phosphine forming and was easily dispersible
into the polymeric materials as self-extinguishing
product. Said encapsulated phosphorus powder
was exposed three months to the air and during
such time the practical absence of phosphine
{less than 0.3 ppm) was checked by means of a
detector apparatus of the type equipped with a
little suction pump and a detecting phial, having a
minimum sensitivity to phosphine of 0.1 ppm
{Dréger Multi Gas Detector Mod. 21/31).

The melaminic resin obtained as explained
hereinbefore was subjected to infrared spectro-
scopic analysis; said analysis revealed an
absorption band at 2810 cm™! corresponding to
symmetrical stretching ygOCH; and a great
intensification of the band at 1080 com™’
corresponding to ethereal stretching Y,,COC,
what clearly points out that such resin was
methylated due to the chemical action of methyl!
alcohol in the above-described reactions.

Example 2

Using the same apparatuses, modalities and
substances as in example 1, a red phosphorus
powder encapsulated with melaminic resin was
prepared, with the only exception that the per
cent composition of the starting components of
the melaminic condensate were as follows:
34.66% of formaldehyde, 12.34% of methanol,
28.72% of triethanolamine and 24.28% of
meltamine.

Such condensate exhibited a viscosity (after
stabilization) of 0.033 Pas at 20°C. The
encapsulated red phosphorus powder so
cbtained was endowed with properties like those
of example 1.

Example 3

Using the same apparatuses, modalities and
substances as in example 1, a red phosphorus
powder encapsulated with melaminic resin was
prepared, with the only variant that the per cent
composition of the starting components of the
melamine condensate were as follows: 30.85% of
formaidehyde, 21.96% of methanol, 25.57% of
triethanolamine and 21.62% of melamine.

Said condensate exhibited a viscosity (after
stabilization) of 0.023 Pas at 20°C. The
encapsulated red phosphorus powder so
obtained was endowed with properties like the
ones of example 1.

Example 4
Using the same apparatuses, modalities and
substances as in example 1, with the only variant
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of including in the melamine condensate
composition 148 g of butanol instead of
methanol, a red phosphorus powder en-
capsulated with melaminic resin was prepared,
which exhibited substantially the same charac-
teristics as the one obtained in example 1,
in particular as regards the stability to phosphine
forming.

Example 5 .

Using the same apparatuses, modalities and
substances as described in example 1, a powder
of red phosphorus encapsulated with melaminic
resin was prepared, with the variants of using
orthophosphoric acid in an aqueous solution at
80% as cationizing mineral acid, and of effecting
dehydration by drying in a nitrogen stream at
130°C. The encapsulated red phosphorus powder
had the same characteristics as the one obtained
in example 1.

Example 6

Using the same apparatuses, modalities and
substances as described in example 1, a
composition consisting of e-caprolactam
incorporating, in a dispersed manner, 70% of
red phosphorus powder encapsulated with
melaminic resin was prepared, the variant
brought to the process consisting in adding 128 g
of eg-caprolactam to the hydrodispersion of red
phosphorus powder at the end of the
encapsulation with the partially cross-linked
melaminic resin, and in going on heating the
reactor containing the mixture of the aforesaid
components for 2 hours at 100°C, always keeping
the reactor stirrer running and creating a vacuum
in the reactor. During such time-period the
mixture dehydrated and the resin completed its
cross-linking, finally providing a homogeneous
dispersion of an encapsulated red phosphorus
powder in molten e-caprolactam. Said molten
product was poured in thin layer into trays where
it solidified by cooling, whereupon the product
was reduced to flakes which proved to be stable
to phosphine forming and could be easily
incorporated into polyamides during hot
extrusion thereof in extruder, in order to impart
the desired self-extinguishing properties to them.

Example 7

Using the same apparatus and modalities as in
example 6, but employing, instead of ¢-
caprolactam, the same amount of a polyol-
polyether (obtained from ethylene oxide and
propylene oxide with a hydroxyl number of 56
and a viscosity of 0.55 Pa.s), a liquid composition
consisting for 70% of red phosphorus powder
encapsulated with melaminic resin, according to
example 1, dispersed in said polyol was prepared.
In this case, at the end of the dehydration step and
cross-linking completion step of the melaminic
resin, a liquid composition was obtained, which
proved stable to phosphine forming and already
ready to be easily incorporated into the
compositions intended for the production of
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polyurethane resins also of the foamed type, in
order to impart selt-extinguishing properties to
them.

Example 8 .

In a conventional horizontal drum mixer known
in the art, 25 kg of a homogeneous mixture
consisting for 88% of polyamide 6—6 in
cylindrical 3x3 mm granules for general uses,
and for 12% of the composition of red
phosphorus dispersed in e-caprolactam obtained
in example 6 were prepared. Said mixture was
put into a single-screw extruder equipped with an
electrical heating device, in which the mixture
was homogenized in the molten state and came
out from the extruder head in the form of strands
which, after cooling in water and passing through
a cutter, were reduced to cylindrical 3X3 mm
granules from which, by injection molding,
specimens of 152.4 mm length, 12.7 mm width
and 1.6 mm thickness were obtained, which were
subjected to the self-extinguishing test according
to the vertical flame method UL-94 (Underwriter
Laboratory Bulletin 94) by vertically placing the
specimens being tested on a Bunsen flame for 10
seconds and then for further 10 seconds after
combustion extinguishing. The polyamide
material additivated as explained hereinbefore
may be classified, according to said UL-94
method, as a self-extinguishing substance of V—0
degree. During all the aforesaid mixing, extruding
and molding operations, the phosphine forming,
determined by means of the detector described in
example 1, was always below 0.3 ppm.

Example 9

25 kg of high density polyethylene (den-
sity=0.955 g/ml} in sphericai granules (dia-
meter=about 3 mm), homogeneously wetted
with 120 ml of vaseline oil (density=0.877) were
introduced into the mixer of example 8; then 2 kg
of the encapsulated red phosphorus powder of
example 1 with 4% of melaminic resin were
added and the whole was mixed for 30 minutes.
At the end of such mixing, polyethylene granules
homogeneously coated with encapsulated red
phosphorus powder were obtained, which were
fed to an electrically heated single-screw extruder
having a head temperature of about 200°C, so
obtaining strands which, after cooling in water
and passing through a cutter, were reduced to
cylindrical 3x3 mm granules, from which, by
injection molding, specimens were obtained
having a length of 152.4 mm, a width of 12.7 mm
and a thickness of 1.6 mm. After having been
subjected to the UL-94 self-extinguishing test
described in example 8, they were classified of
degree V—II, the extinguishing time ranging from
6 to 10 seconds. During all the above-mentioned
mixing, extruding and molding operations, the
phosphine forming, checked by means of the
detector described in example 1, was always
below 0.3 ppm.

Example 10
For comparative purposes, in order to prove the
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substantial importance of methy! alcohol for the
characteristics of the melamine condensate, of
which it is a component, and the consequent
influence of such characteristics an the
encapsulation process object of the present
invention, a cationized melamine condensate was
prepared (using the same apparatuses and
modalities of example 1} by reacting 39.53% of
formaldehyde, 32.77% of triethanolamine and
27.70% of melamine. Said condensate, of the
same type as the one described in the already
cited U.S. patent 3,721,651, exhibited, after
stabilization, a viscosity of 0.26 Pa.s at 20°C,
substantially higher than the one of the
corresponding condensate of example 1; during
the successive red phosphorus powder
encapsulation step (always according to exampie
1) it was noticed that the encapsulation process
occurred by insolubilization of the melamine
condensate directly in the solid state, without
passing through the liquid-viscous phase.

Furthermore, the infrared spectroscopic
analysis of the melaminic resin so obtained, did
not show the absorption band y,OCH; that was
observed in the corresponding resin of example
1. From the foregoing, particularly from examples
1 and 10, it is evident that there is a correlation
between the participation of the alcohol in the
compaosition of the melamine condensate and the
characteristics of the latter, such characteristics
being, in their turn, advantageous for purposes of
obtaining an excellent encapsulation of the red
phosphorus powder, according to the process of
the present invention.

Claims

1. A process for stabilizing phosphorus by
encapsulation, in particular red phosphorus in
powder in its different ailotropic forms for the
safe utilization thereof as flame retardant for
polymeric materials, consisting in preparing a
melamine resin condensate, in dispersing a red
phosphorus powder in said condensate, and
finally in hardening said condensate in the form
of a solid resin in order to accomplish the
encapsulation of said red phosphorus,
characterized in that it comprises the steps of:

{a) preparing an aqueous sojution of a
melamine condensate cationized with a mineral
acid, by reacting in an aqueous medium for about
2 hours at about 85°C and at a pH of 9.5—3.8:
formaldehyde, an aliphatic monohydroxyi alcohol
having less than 5 carbon atoms and triethanol-
amine, in the respective percent by weight ratio:
36.04% to 30.85%, 8.82% to 21.96% and 29.87%
to 25,57%, the remaining 25.27% to 21.62% being
melamine, which melamine is added in a second

step at the end of thecaforesaid reaction, in order

to cause the melamine condensate to form by
heating of the aforesaid composition at about
90°C at a pH of 7.5—7.8 to attain a viscosity of
0.42—0.47 Pa.s {measured at 20°C) and, in a third
step, adjusting the pH to a vaiue of 7—7.6 and
thereafter diluting with water unti! a solution
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having about 38% of dry substance and a
viscosity of 0.023—0.050 Pa.s is obtained;

(b) mixing the aqueous solution of the
cationized melamine condensate formed in the
step (a), in the desired amount, with a red
phosphorus powder hydrodispersion so ob-
faining a dispersion of red phosphorus powder
in said melamine condensate, said red
phosphorus powder having a particie size below
100 um;

(c) heating under stirring at 80°C to 100°C said
red phosphorus dispersion obtained in step (b), to
encapsulate individual particles of the red
phosphorus powder by slowly precipitating, onto
said individual particles, said melamine
condensate, to form a continuous and compact
layer of an insoluble, partially cross-linked
melamine resin;

(d) subsequently drying the insoluble, partially
cross-linked layer of melamine resin in an inert
gas stream at 100°C to 130°C to obtain a
cross-linked melamine resin-encapsulated red
phosphorus powder suitable for easy and safe
dispersion in polymeric materials, said layer of
melamine resin which encapsulates said red
phosphorus powder amounting to 0.1 to 30%—
preferably 1 to 5%—in respect of the red
phosphorus amount.

2. The process defined in claim 1, step (a),
wherein said cationizing mineral acid is hydro-
chloric acid, said aliphatic monohydroxy! alcohol
is methanol, and said formaldehyde is in the form
of an aqueous solution at about 45%.

3. The process defined in claim 1, wherein the
heating of said composition, step (a), after the
addition of the melamine, lasts about 6 hours, and
said heating of said red phosphorus dispersion
lasts about 1 hour at about 100°C maintaining
unchanged the volume of the reacting mixture.

4, The process defined in claim 1, step (b},
wherein said dispersion of the red phosphorus
powder in the aqueous solution of the melamine
condensate is obtained by mixing said aqueous
solution with a red phosphorus powder hydro-
dispersion having a density of 1.38—1.58, said red
phosphorus powder having a particie size of iess
than 40 pum.

5. The process defined in claim 1, step (d),
carried out under vacuum at about 90°C.

6. The process defined in claim 1, wherein
following step (c) the red phosphorus powder
encapsulated with melamine resin is dispersed at
a concentration of higher than 50% in a water-
soluble vehicle to obtain the encapsulated red
phosphorus powder in a liquid form or in flakes.

7. The process defined in claim 6, wherein the
water-soluble vehicle in which the red
phosphorus powder encapsulated with melamine
resin is dispersed, is e-caprolactam and the
encapsulated red phosphorus powder is obtained
as flakes.

8. The process defined in claim 6, wherein the
water-soluble vehicle in which the red
phosphorus powder encapsulated with melamine
resin is dispersed, is a polyol and the
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encapsulated red phosphorus powder is obtained
as a liquid.

9. Red phosphorus powder stabilized by
encapsulation in a continous and compact layer
of melamine resin obtained according to the
process defined in claim 1.

10. A liquid flame-retardant composition for
polyurethanes, which comprises encapsulated
red phosphorus powder stabilized according to
the process defined in claim 1 and a polyol liquid
vehicle.

11. A solid flame-retardant composition for
polyamides, which comprises encapsulated red
phosphorus powder stabilized according. to the
process defined in claim 1 and an e-caprolactam
solid vehicle.

12. A self-extinguishing polymeric composition
which includes 3 to 15% of the red phosphorus
powder encapsulated with melamine resin
according to claim 9.

13. The self-extinguishing polymeric com-
position defined in claim 12, in which the poly-
mer is a polyamide.

14. The self-extinguishing polymeric com-
position defined in claim 12, in which the poly-
mer is a polyolefin.

Revendications

1. Procédé de stabilisation du phosphore par
encapsulation, notamment du phosphore en
poudre sous ses différentes formes allotropiques
pour la sécurité de son utilisation comme ignifuge
des matériaux polyméres consistant a préparer
un condensat de résine de mélamine par disper-
sion d'une poudre de phosphore rouge dans ce
condensat et finalement par durcissement de ce
condensat sous la forme d'une résine solide en
vue de réaliser I'encapsulation de ce phosphore
rouge, caractérisé en ce que:

(a) on prépare une solution aqueuse d'un
condensat de mélamine cationisé par un acide
minéral par réaction dans un milieu aqueux
pendant environ 2 heures a environ 85°C et a un
pH 9,5 & environ 9,8: du formaldéhyde, un alcool
aliphatique monovalent comportant moins de 5
atomes de carbone et de la triéthanolamine dans
le pourcentage pondéral relatif: 36,04% a 30,85%,
8,82% a 21,96% et 29,87% a 25,57%, les 25,27% a
21,62% restant étant de la mélamine que l'on
ajoute dans une seconde étape a la fin de la
réaction mentionnée ci-dessus en vue d'amener
le condensat de mélamine a se former par
chauffage de la composition mentionnée ci-
dessus & environ 90°C a un pH de 7,5 & 7,8 pour
obtenur une viscosité de 0,42—0,47 Pa.s (mesur-
ée a 20°C) et, dans une troisiéme étape, on ajuste
le pH & une valeur de 7 a 7,6 et ensuite on dilue
avec de l'eau jusqu’a ce que |'on obtienne une
viscosité de 0,023 a 0,050 Pa.s;

{b) on mélange la solution aqueuse du conde-
nsat de mélamine cationisé formé dans |'étape
a—en quantité désirée avec une hydro-
dispersion de poudre de phosphore rouge pour
obtenir ainsi une dispersion de poudre de phos-
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phore rouge dans ce condensat de mélamine,
cette poudre de phosphore rouge ayant une
dimension de particules inférieure & 100 pum;

(c) on chauffe sous agitation, a 80 & 100°C cette
dispersion de phosphore rouge obtenue dans
'étape  b.—pour encapsuler les particules
individuelles de cette poudre de phosphore rouge
par précipitation lente sur ces particules individu-
elies de ce mélamine de condensat pour former
une couche continue et compacte d'une résine de
mélamine insoluble partiellement réticulée;

{d) on séche ensuite la couche insoluble
partiellement réticulée de résine de mélamine
dans un courant de gaz inerte & 100 a 130°C pour
obtenir une poudre de phosphore rouge encapsu-
lée par une résine de mélamine réticulée con-
venant a une dispersion facile et sire dans les
matériaux polymeéres, cette couche de résine de
mélamine qui encapsule la poudre de phosphore
rouge atteignant une proportion de 0,1 &4 30%, de
préférence de 1 a8 5% par rapport & la quantité de
phosphore rouge.

2. Procédé selon la revendication 1, étape (a),
dans lequel cet acide minéral de cationisation est
I'acide chlorhydrique, I'alcool monovalent alipha-
tique est le méthanol et le formaldéhyde se trouve
sous la forme d’une solution aqueuse a environ
45%.

3. Procéde selon la revendication 1, dans lequel
le chauffage de cette composition, étape (a),
aprés addition de la mélamine dure environ 6
heures et ce chauffage de la dispersion de
phosphore rouge dure environ une heure a
environ 100°C, tandis que !"on maintien inchangé
le volume du mélange réactionnel.

4. Procédé selon la revendication 1, étape (b),
dans lequel cette dispersion de la poudre de
phosphore rouge dans la solution aqueuse du
condensat de mélamine est obtenue par mélange
de cette solution aqueuse avec une hydro-
dispersion de poudre de phosphore rouge dont la
densité est de 1,38 a 1,58, les dimensions des
particules de cette poudre de phosphore rouge
étant inférieures & 40 um.

5. Procédé selon la revendication 1, étape (d),
que l'on met en oeuvre sous vide a environ 90°C.

6. Procédé seion la revendication 1, dans lequel,
a la suite de I'étape (c}), la poudre de phosphore
rouge encapsulée avec de la résine de mélamine
est dispersée & une concentration supérieure a
50% en poids dans un véhicule soluble dans'I’'eau
pour obtenir la poudre de phosphore rouge
encalsulée sous une forme liquide ou en flocons.

7. Procédé selon la revendication 6, dans lequel
le véhicule soluble dans l'eau dans lequel la
poudre de phosphore rouge encapsulée avec une
résine de mélamine est dispersée et !'s-
caprolactame et la poudre de phosphore rouge
encapsulée est obtenue sous la forme de flocons.

8. Procédé selon la revendication 6, dans lequel
le véhicule soluble dans |'eau dans lequel la
poudre de phosphore rouge encapsulée avec de
la résine de mélamine est dispersée est un polyol
et la poudre de phosphore rouge encapsulée est
obtenue sous la forme de liquide.
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9. Poudre de phosphore rouge stabilisée par
encapsulation dans une couche continue et com-
pacte de résine de mélamine obtenue selon le
procédé décrit dans la revendication 1.

10. Composition ignifuge liquide pour poly-
uréthane qui comprend de la poudre de phgs-
phore rouge encapsulée stabilisée selon le pro-
cédé décrit dans la revendication 1 et un véhicule
liquide a base de polyol.

11. Composition ignifuge solide pour
polyamide qui comprend une poudre de phos-
phore rouge encapsulée stabilisée selon le pro-
céde décrit dans ia revendication 1 et un véhicule
solide a base d’e-caprolactame. .-

12. Composition polymére ignifuge qui com-
prend de 3 3 15% de poudre de phosphore rouge
encapsulée par une résine de mélamine selon la
revendication 9.

13. Composition polymeére ignifuge définie
dans la revendication 12 dans laquelle le poly-
meére est un polyamide.

14, Composition polymére ignifuge définie
dans la revendication 12 dans laquelle le poly-
mére est une polyoléfine.

Patentanspriiche

- 1. Verfahren zum Stabilisieren von Phosphor
durch Einkapselung, insbesondere von pulver-
formigem rotem Phosphor, in seinen vers-
chiedenen allotropen Formen zu deren sicherer
Handhabung als feuerhemmendes Mittel fiir poly-
mere Materialien, wobei das Verfahren besteht
aus dem Herstellen eines Melaminharz-
kondensats, aus dem Dispergieren von pulver-
formigem rotem Phosphor in dem genannten
Kondensat und schlieflich aus dem Harten des
genannten Kondensats zu einem festen Harz, um
die Einkapselung des roten Phosphors zu
erreichen, gekennzeichnet durch die Stufen:

(a) Herstellen einer wéasserigen Losung eines
mit einer Mineralsdure kationisierten Melamin-
kondensats durch Umsetzen von Formaldehyd,
eines aliphatischen einwertigen Alkohols mit
weniger als funf Kohienstoffatomen und
Tridgthanolamin in einem Gewichtsprozent-
verhéltnis von 36,04 bis 30,85% bzw. 8,82 bis
21,96% bzw. 29,87 bis 25,57%, wobei die rest-
liche Menge von 25,27 bis 21,62% auf Mela-
min entfalit, in einem wiésserigen Medium
wahrend etwa 2 Stunden bei etwa 85°C und bei
einem pH-Wert von 9,5 bis 9,8, wobei das Mela-
min in einer zweiten Stufe am Ende der gennan-
ten Umsetzung zugegeben wird, um zu veran-
lassen, daf} das Melaminkondensat durch Erhit-
zen der vorgenannten Zusammensetzung bei
90°C und bei einem pH-Wert von 7,5 bis 7,8 bis
zum Erreichen einer Viskositat von 0,42 bis 0,47
Pa.s {(gemessn bei 20°C) gebildet wird, sowie in
einer dritten Stufe der pH-Wert auf 7 bis 7,6
eingestellt und anschlieBend mit Wasser ver-
dinnt wird, bis eine Ldsung mit einem Substanz-
gehalt von etwa 38% und einer Viskositdt von
0.023 us 0,050 Pa.s erhalten wird;

(b} Mischen der wiasserigen Ldosung des in der
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Stufe a gebildeten kationisierten Melamin-
kondensats in der gewlinschten Menge mit einer
Hydrodispersion von pulverformigem rotem
Phosphor, wobei eine Dispersion des pulver-
formigen roten Phosphors in dem genannten
Melaminkondensat erhalten wird, und wobei der
pulverférmige rote Phosphor eine Teilchengréfie
unter 100 um aufweist;

(c) Erhitzen der in der Stufe b erhaltenen
Dispersion des roten Phosphors unter Rihren auf
80 bis 100°C, um einzeine Teichen des pulver-
férmigen roten Phosphors durch langsames
Niederschlagen des genannten Melamin-
kondensats auf die einzelnen Teilchen einzu-
kapsein, um eine kontinuierliche und kompakte
Schicht  eines  unl6slichen, teilvernetzten
Melaminharzes zu bilden;

(d) nachfoigendes Trocknen der unldsliche,
teilvernetzten Schicht des Melaminharzes in
einem Strom eines inerten Gases bei 100 bis
130°C, um einen pulverférmigen roten Phosphor
zu erhailten, der in ein vernetztes Melaminharz
eingekapselt sowie flir ein leichtes und sicheres
Dispergieren in polymeren Materialien geeignet
ist, wobei die Schicht des Melaminharzes, welche
den pulverférmigen roten Phosphor einkapselt, in
einer Menge von 0,1 bis 30%-—vorzugsweise 1 bis
5%—bezlglich des roten Phosphaors vorliegt.

2. Verfahren nach Anspruch 1, Stufe a, worin
die genannte kationische Mineralsdure Chlor-
wasserstoffsdure ist, der genannte aliphatis-
che einwertige Alkohol Methanol darstellt und der
Formaldehyd in Form einer wésserigen Lésung
von etwa 45% vorliegt.

3. Verfahren nach Anspruch 1, worin das Erhit-
zen der genannten Zusammensetzung in der
Stufe a nach der Zugabe des Melamins etwa 6
Stunden und das genannte Erhitzen der Disper-
sion des roten Phosphors etwa 1 Stunde bei etwa
100°C dauert, wobei das Volumen des Reaktions-
gemisches unverdndert gehalten wird.

4. Verfahren nach Anspruch 1, Stufe b, worin
die genannte Dispersion des Pulverférmigen
roten Phosphors in der wésserigen Lésung des
Melaminkondensats durch Mischen der genann-
ten wésserigen Lésung mit einer Hydrodispersion
von pulverformigem rotem Phosphor, welche
eine Dichte von 1,38 bis 1,58 aufweist, erhalten
wird, wobei der pulverférmige rote Phosphor eine
Teiichengréfle von weniger als 40 um hat.

5. Verfahren nach Anspruch 1, Stufe d, durchge-
fihrt unter Vakuum bei etwa 90°C.

6. Verfahren nach Anspruch 1, worin nach der
Stufe c der in Melaminharz eingekapselte, pulver-
formige rote Phosphor mit einer Konzentration
von mehr als 50% in einem wasseriGslichen
Tréger dispergiert wird, um den eingekapseiten
pulverférmigen roten Phasphor in einer flissigen
Form oder in Flocken zu erhalten.

7. Verfahren nach Anspruch 6, worin der
wasserldsliche Trager, in welchem der in
Melaminharz eingekapselte, pulverférmige rote
Phosphor dispergiert wird, e-Caprolactam ist, und
der eingekapseite, pulverférmige rote Phosphor
in Flockenform erhalten wird.
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8. Verfahren nach Anspruch 6, worin der
wasserlésliche Trager, in weichem der in einem
Melaminharz eingekapselte, pulverférmige rote
Phosphor dispergiert ist, ein Polyol ist, und der
eingekapselte, pulverférmige rote Phosphor in
Form einer Flissigkeit erhalten wird.

9. Pulverférmiger roter Phosphor, stabilisiert
durch Einkapselung in einer kontinuierlichen und
kompakten Schicht aus Melaminharz, erhaiten
gemald dem Anspruch 1 definierten Verfahren.

10. Flussige, feuerhemmende Zusammenset-
zung fur Polyurethane, gekennzeichnet durch
eingekapselten, pulverférmigen roten Phosphor,
der geméfs dem in Anspruch 1 definierten Ver-
fahren stabilisiert ist, sowie durch einen flissigen
Trédger in Form eines Polyols.
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11. Fest, feuerhemmende Zusammensetzung
fur Polyamide, gekennzeichnet durch einge-
kapseiten, pulverférmigen roten Phosphor, der
gemafR dem in Anspruch 1 definierten Verfahren
stabilisiert ist, sowie durch e-Caprolactam als
festen Tréager.

12. SelbstverlGschende polymere Zusammen-
setzung, die 3 bis 15% pulverférmigen roten
Phosphor enthélt, der gemall Anspruch 9 in ein
Melaminharz eingekapselt ist.

13. Selbstveriéschende polymere Zusammen-
setzung gemal Anspruch 12, in welcher das
Polymer ein Polyamid ist.

14. Selbstverléschende polymere Zusammen-
setzung gemadafl Anspruch 12, in welcher das
Polymer ein Polyolefin ist.



	bibliography
	description
	claims

